Objectives: To compare operative times, hospital costs, and surgical outcomes for robotic-assisted laparoscopic sacrocolpopexy (RALSC) and laparoscopic sacrocolpopexy (LSC).
A bdominal sacrocolpopexy represents one of the most effective operations for correction of apical vaginal prolapse with high success rates and few complications. 1, 2 The traditional open approach to this procedure requires a laparotomy, 2 to 3 days of hospitalization and approximately 6 weeks of recovery. Minimally invasive techniques such as robotic-assisted laparoscopic sacrocolpopexy (RALSC) and laparoscopic sacrocolpopexy (LSC) have been developed to achieve similar results with improved recovery times. While laparoscopic surgery is increasingly becoming the mainstay for general gynecologic procedures, 3 the use of laparoscopic techniques for advanced pelvic reconstruction, such as sacrocolpopexy, has not been universally adopted. Minimally invasive surgical approaches to other traditional procedures have demonstrated major advantages compared to open techniques including decreased pain, bleeding, hospitalization and faster recovery times, however these laparoscopic procedures can be complicated to learn and perform. 4Y6 The addition of robotic assistance to laparoscopy has enhanced visualization, maximized the range of instrument motion, improved ergonomics for surgeon comfort, and eliminated unwanted rapid motions or tremor. Some argue that the addition of robotics has allowed the surgeon to more closely approximate the open technique without having to rely on devices or other shortcuts often used during conventional laparoscopic surgery (eg, tacks and staple devices for affixing mesh to the vagina or the sacrum).
Retrospective analyses performed in other surgical fields have mixed outlooks on the role of robotics in their disciplines. For urologists, the use of robotic assistance with radical prostatectomy has shown benefits in continence, intraoperative bleeding, and a shorter learning curve when compared to the conventional laparoscopic radical prostatectomy. 7 However, general surgeons have not found the technical advantages of robotic assistance to outweigh the disadvantages of cost and increased setup time for simple procedures such as the cholecystectomy 8 or appendectomy. 9 Thus, the robotic approach to minimally invasive surgery is not universally better in all specialties, and studies in the field of gynecology have been equivocal. 10, 11 Direct comparisons between the 2 methods of minimally invasive surgery for the field of urogynecology have not yet been reported; therefore the benefits of robotic assistance compared to conventional laparoscopy are unknown. The aims of this study were to compare RALSC and LSC in terms of operative times, hospital costs, and short-term surgical outcomes.
MATERIALS AND METHODS
An institutional review boardYapproved, retrospective cohort study was performed comparing women who underwent RALSC or LSC using polypropylene mesh for vaginal vault prolapse. Surgeries were performed by 1 of 6 attending surgeons at one of the 2 institutions responsible for training in the University of California, San Diego (UCSD)/Kaiser Permanente San Diego (KPSD) Female Pelvic Medicine and Reconstructive Surgery fellowship program. The subjects included in the analysis were women who underwent post-hysterectomy sacrocolpopexy using one of the minimally invasive surgical techniques between November 2004 and January 2009. The 2 surgeons at the UCSD exclusively perform the RALSC while the 4 surgeons at KPSD exclusively perform LSC for minimally invasive sacrocolpopexy. Those women who underwent concurrent hysterectomy or anterior vaginal wall repairs at the time of the sacrocolpopexy were excluded for analysis in order to control for significant differences in techniques for these additional procedures. The surgeons at the UCSD typically perform traditional supracervical hysterectomy and native tissue anterior repairs while the surgeons at KPSD perform a vaginal hysterectomy and may incorporate mesh or porcine graft with paravaginal dissection and anchoring during the anterior repair. Posterior repairs and mid-urethral slings were similarly executed at both institutions and therefore were not used as exclusion criteria for these analyses.
Robotic-assisted laparoscopic sacrocolpopexy was performed by 1 of 2 surgeons at the UCSD using a standardized approach. The da Vinci robot-S (Intuitive Surgical Inc., Sunnyvale, Calif ) was docked to 3 of the operative ports and a camera port. A single lateral laparoscopic assistant port was also placed. The vesicovaginal, rectovaginal and presacral spaces were all dissected using robotic assistance. Two sutures, a monofilament permanent (polytetrafluoroethylene) and a multifilament permanent suture (polyethylene terephthalate), were secured to the anterior longitudinal ligament at the level of the sacral promontory. The anterior and posterior vaginal dissections were carried down at least 4 cm with the assistance of a vaginal probe to delineate the planes of dissection. In all cases, polypropylene (Gynemesh TM Gynecare; Ethicon Inc., Somerville, NJ) mesh was attached to the anterior and posterior vaginal walls. A minimum of 4 sutures of 2-0 monofilament permanent suture (polypropylene) on each wall were secured using intracorporeal knot-tying techniques. The sutures were placed in the anterior longitudinal ligament used to secure the mesh after appropriate tensioning took place. The peritoneum was then reapproximated with 2-0 absorbable suture (polyglactin 910).
The technique used by the 4 surgeons at Kaiser Permanente for the LSC was also fairly uniform. In each case a total of 4 to 5 laparoscopic ports were placed. The vesicovaginal, rectovaginal and presacral spaces were dissected laparoscopically with the use of a vaginal probe to delineate the planes of dissection. The anterior and posterior dissections were taken down at least 4 cm on both surfaces. A polypropylene mesh (Polyform; Boston Scientific, Natick, Mass) or a collagen-coated polypropylene mesh (Pelvitex; Bard, Covington, Ga) was attached to the anterior and posterior vaginal walls. The mesh was attached to the anterior and posterior vaginal wall with a minimum of 4 interrupted sutures of 2-0 or 1-0 monofilament permanent suture (polypropylene) using extracorporeal knot-tying techniques. The tails of the mesh were then attached to the anterior longitudinal ligament along the sacral promontory using at least 2 Protack (5 mm, AutoSuture; Tyco Healthcare Group, Norwalk, CT) titanium tacks or 0 monofilament permanent suture (polypropylene). The mesh was then retroperitonealized with 2-0 absorbable suture (polyglactin 910).
Surgical duration was obtained from operating room records at each institution. Surgical times were defined as the following: Btotal time[ was time in the room to time out of the room; Bsetup time[ was time in the room to first incision; Bskin time[ was first incision to close of incision. The Bcorrected skin time[ was derived by subtracting time for additional procedures from the Bskin time.[ Additional procedures were estimated based on historical averages and equally applied across surgeons and institutions. Posterior colporrhaphy was estimated to contribute 45 minutes to the procedure while mid-urethral slings contributed 20 minutes. Estimates for concurrent lysis of adhesion were determined on a case-by-case basis either by using dictated duration from operative report or estimation based on description.
Kaiser Permanente San Diego does not maintain a record of Bcosts[ related to medical care given the staff-based health maintenance organization nature of the organization. They do, however, maintain detailed records of hospital charges and itemized records of all surgical and hospital related expenses. Additionally, charges between the 2 institutions may vary depending on contracting by each institution, thus for the cost analysis portion of this study, in order to formulate meaningful comparisons, hospital and surgical costs were compared between the 2 institutions by using the UCSD cost schedule as the standard for both institutions. This was accomplished by compiling a detailed list of all items billed to the last 16 procedures in this cohort from each institution which were performed between February 2008 and January 2009. This itemized list included every drug administered, all surgical and disposable equipment used, and each laboratory or diagnostic test obtained during the individual subject's entire hospital stay. Operating room, anesthesia, recovery room and hospital room costs were based on time usage. A uniform Bcost per unit[ algorithm was obtained from the UCSD and applied to the detailed itemized lists for the 16 subjects at each institution. Operating room costs were based on preset Bsurgical levels[ which translated into cost per unit of time (minutes). Due to the proprietary nature of cost information for our institution, the actual costs are not permitted to be published in this manuscript, however all cost data have been uniformly converted to a unit of cost based on a predetermined institution-wide coefficient in order to make these results meaningful. This conversion has been applied to all specific proprietary cost data represented. The UCSD organizes its operating room charges into Bsurgical levels[ which are composite costs per minute based on average cost per usage determined for each type of surgical case involving specialized equipment. The robotic-assisted urogynecologic procedures were assigned a surgical level IV which included the amortization and usage costs of the robot in addition to the standard operating room and personnel costs. Surgical level III was attributed to surgical cases in urogynecology that utilized conventional laparoscopy. A surgical level IV costs 35% more than a surgical level III per minute of operating room occupation. These direct costs were obtained from the medical center budget manager while the detailed itemized lists were obtained from the department business officer for perioperative services from both UCSD and KPSD.
Cost was separated into Bsurgical costs[ and Bhospital costs.[ Surgical costs included operating room costs based on surgical level, operating room supplies, equipment (excluding the robot), instruments, intraoperative medication, and the costs for anesthetic supplies, anesthetic medication and anesthesia time. Professional fees for the surgeon or anesthesiologist were not included in these items. Hospital costs comprised the rest of the hospitalization excluding surgery, but including recovery and hospital room charges, laboratories, medications, and supplies.
The secondary outcomes included estimated blood loss, intraoperative and postoperative complications, length of hospital stay, mesh erosion rates and postoperative objective cure rates. Objective cure was defined as point Ba and Bp j1 or less and point C less than j1/2 total vaginal length using the pelvic organ prolapse quantification (POP-Q) system. 12 These measures were taken at a minimum of 3 weeks and at subsequent follow-up visits.
Intraoperative and postoperative complications were abstracted from medical records and included blood transfusions, cystotomies, colpotomies, unintentional organ injury (ie, bowel), medical complications resulting in prolonged hospital stay, reoperation during the same admission, wound-related infections treated with antibiotics within the first 10 postoperative days and mesh erosions. Discharge criteria and voiding trials were consistent across study sites throughout the period of the study. The latest follow-up visit by the end of the study was also determined for each of the subjects.
Power calculations based on reports from the literature of mean operative times of 250 minutes for RALSC and 160 minutes for LSC with an estimated SD of 100 determined that only 20 subjects per arm would be necessary to detect 
RESULTS
During the study period a total of 194 women underwent minimally invasive sacrocolpopexy (65 RALSC and 129 LSC). Ninety patients were excluded based on having a hysterectomy and/or an anterior repair. These are not mutually exclusive procedures. Thus, a total of 43 women with vaginal vault prolapse underwent RALSC at the UCSD and 61 women underwent LSC at KPSD and were included in these analyses.
The subjects in the LSC group were slightly older with higher parity and more likely to undergo mid-urethral sling at the time of their procedure than the RALSC group with no statistically significant differences in other baseline measures (Table 1) .
Overall mean T SD (median) operating time from incision to closure was greater in the RALSC group than in the LSC group ( (Fig. 2) . This difference could be accounted for almost entirely by the increased surgical time.
The secondary outcomes are described in Table 2 . The mean and median duration of follow-up was similar between the 2 groups; as was median hospital stay (1 day) and estimated blood loss. There was a trend toward higher objective cure rates in the RALSC vs LSC group, which did not meet statistical significance. None of the 15 subjects with objective failure had recurrent prolapse of the apex. Mesh erosion rates were also similar between the 2 groups. One subject in the RALSC group and 3 subjects in the LSC group had a follow-up examination with documentation of Bno mesh erosion[ but no examination findings regarding POP-Q were documented. Therefore there are more patients in the denominator for the mesh erosion evaluation than are included in the POP-Q evaluation. Two patients in the RALSC group and 3 in the LSC had no documentation of any follow-up visits after surgery. There were no significant differences in overall complication rates between the 2 techniques (16% vs 11%; P = 0.48) as seen in Table 3 . In the RALSC group intraoperative complications included 1 cystotomy and 4 colpotomies, which were all repaired robotically. Postoperative complications included 1 woman who developed an electrolyte imbalance requiring longer hospitalization, 1 transfusion for postoperative blood loss, and 1 trocar site cellulitis. In the LSC group, there were 4 cystotomies, which were repaired laparoscopically without further sequelae and 1 colpotomy which was also repaired laparoscopically. There was also 1 suture in the bladder that was identified and cut transvesically at the time of surgery. This patient subsequently developed mesh erosion into the bladder, which was detected on cystoscopic evaluation in the clinic. Additionally, there was an ileal perforation related to mesenteric ischemia which was diagnosed on postoperative day 2 requiring reoperation, ileostomy and a prolonged hospital course.
DISCUSSION
Minimally invasive techniques are rapidly developing across surgical specialties. While the majority of urogynecologic procedures are performed vaginally, an effective procedure for apical prolapse repair is the abdominal sacrocolpopexy. 1 This traditional procedure is highly successful with relatively low risk 20 ; however, the disadvantage of the open procedure is increased morbidity and recovery time compared to vaginal or minimally invasive approaches. 4, 5, 14 Minimally invasive sacrocolpopexy has been described using both standard and roboticassisted laparoscopic techniques. Not surprisingly, minimally invasive approaches to sacrocolpopexy have resulted in decreased morbidity and decreased blood loss, with shorter hospital stay and convalescence compared to open procedures 4Y6 ; however, it is unclear which minimally invasive surgical approach is most effective in terms of anatomic outcomes. In addition to efficacy, the cost of these minimally invasive surgical procedures has not been adequately compared. Our data suggest that RALSC is associated with significantly longer operative times, taking nearly 75 minutes longer than the conventional laparoscopic approach, which appears to translate directly into increased costs for the procedure without differences in other hospital costs.
The current literature reports a longer mean operative time of 251 minutes for the RALSC ranging from 170 to 358 minutes 5,13,21Y24 while LSC times averaged 161 minutes (range 96Y510 minutes). 4, 6, 13, 14, 17, 19 The variation in times for these procedures may depend on whether concomitant surgeries were included in the operative time, whether these operations took place at academic institutions, or whether different techniques were employed, including the number and placement of trocars and sutures and use of shortcut techniques including placement (1) Suture in bladder with removal (1) Blood transfusion (1) Ileal perforation (1) Trocar site cellulitis (1*) of tacks instead of sutures. 5, 25, 26 Our data are similar to these estimates for both the RALSC and LSC approaches.
Our longer operative time for the RALSC group may be partially attributable to variations in technique between the RALSC and LSC. In the LSC group, the mesh was secured to the sacrum with titanium tacks and in the RALSC group the mesh was sutured. Titanium tacks have been widely used in general surgery for affixing mesh during hernia repairs. 27, 28 Tack placement technique may require less dissection and less exposure and eliminates the need for knot tying which are required for suture placement. The time required to prepare and Bdock[ the robot is another variable that may contribute to increased operative time with RALSC, however this particular aspect of setup was only 9 minutes in our study and with newer robotic systems, docking is not a major contributor to total operative time.
Analysis of the hospital stay and surgical costs revealed that RALSC and LSC incurred the same hospital stay costs whereas the surgical costs were found to be significantly higher in the RALSC group. The only published comparative study in urogynecology showed RALSC to have a direct estimated cost of $8282 and the LSC approach to have a cost of $6974. 13 Our study also found RALSC to be significantly more expensive than LSC, however, nearly all of the increased cost could be accounted for by the increased duration of surgery. Our findings, are consistent with the general surgery literature where Heemskerk et al 29 found an overall 35% increase in operating time and an 18% increase in overall costs of the robotic-assisted laparoscopic rectopexy when compared to conventional laparoscopic rectopexy. Breitenstein et al 8 found robotic-assisted cholecystectomy to have comparable outcomes as conventional laparoscopic cholecystectomies but with significantly higher costs ($7985 vs $6255) without perceivable benefit to the patients.
Our data show that the 18% increase in operative costs of RALSC appears to be directly related to the increase in operating time. Using the surgical level IV cost schedule and 75 minutes more operating room time equates to 427 more cost units which entirely accounts for the increase in operative costs. Although this study was underpowered to detect statistically significant differences in success rates, future comparative study of these 2 approaches deserves attention to evaluate the cost-effectiveness of these 2 procedures.
Our secondary outcome measures did not appear to have significant differences between RALSC and LSC. Although each technique has a growing body of literature, including case reports and retrospective reviews, there remains a significant paucity of data directly comparing RALSC and LSC. Our study demonstrates comparable objective surgical outcomes between the RALSC and LSC with a slight trend toward improved objective cure with RALSC, which did not meet statistical significance. When the objective failures were subanalyzed, all failures occurred in the anterior or posterior compartments (level 2 support) with no apical failures (level 1 support). Two women in the LSC group with objective failure reported prolapse symptoms and opted to have reoperation for their recurrent prolapse, while 1 subject with symptomatic recurrence from the RALSC group had not required surgery by the time of this analysis. In our study the women in the LSC group were significantly older at baseline than those in the RALSC group which may contribute to the slightly higher objective failure rate. Paraiso et al 4 compared laparoscopic and abdominal sacrocolpopexies in a retrospective cohort which showed significant decreases in estimated blood loss and hospital stay with an 11% reoperation rate for prolapse in the LSC group vs 5% for the open ASC group. Geller et al 5 showed improvement in all POP-Q scores after a RALSC which were similar to the open ASC group at 6 weeks. Our data similarly demonstrates high success rates for the minimally invasive approach to sacrocolpopexy.
Additional outcomes including estimated blood loss at the time of surgery demonstrate comparable results to other studies that range from 81 to 210 ml. 5, 6, 13, 14, 23, 24 Of note, the estimated blood loss reported for our study reflects the total blood loss for the entire case including concomitant procedures, and thus is not a true reflection of the sacrocolpopexy portion of the surgery alone. Prevalence of mesh erosion in sacrocolpopexy involving polypropylene synthetic mesh has been reported in the range of 0%Y10%. 4, 14, 30, 31 Mesh erosion rates in our study were within this range. Our other secondary outcome measurements, intraoperative and postoperative complications and length of hospital stay, were not found to be significantly different between the 2 groups and similarly comparable to the existing literature. 5, 19 The primary limitation of our study relates to its retrospective nature and the dichotomization of the 2 institutions. Although the 2 institutions as a unit comprise the UCSD/KPSD Female Pelvic Medicine and Reconstructive Surgery fellowship program there are still subtle differences in practice patterns between the 2 institutions and individual surgeons. A total of 6 attending surgeons participated in this study with variable levels of experience. Fellows and residents are shared between the 2 hospitals. The RALSC was adopted by the UCSD in 2006 while the LSC was adopted at KPSD in 2004. However it should be noted that the third and fourth surgeons at KPSD started in 2007 and 2008 respectively. Their learning curves are included in this cohort and influence the results of the study. This study was not powered to adequately assess our secondary outcomes, specifically failure rates, therefore cost-effectiveness analyses could not be performed. Finally, the fact that we chose to exclude concomitant hysterectomy and anterior repair procedures may limit the generalizability of the results to procedures performed at the time of hysterectomy. The rationale behind this exclusion was based on the varying practice patterns for hysterectomy and anterior repair between the 2 institutions. Exclusion of these 2 confounding elements allowed us to more homogenously compare the 2 methods of minimally invasive surgical sacrocolpopexy. Although controlling for hysterectomy can be perceived as one of the advantages of the study, it is also one of the disadvantages. It decreases our overall number of patients included in this study and limits its applicability to post-hysterectomy patients only. Another limitation of our study includes the shortened period of follow-up for included cases performed later in the study making it possible that the incidence of mesh erosions or objective failure has been underestimated in those subjects. For example, the last surgical case was performed on 1/27/09 and the final follow-up date included in data abstraction was 7/24/09 which is a maximum of 25 weeks' potential follow-up which is less than the current mean follow-up time for the LSC. In many cases, the surgeon performing the index procedure was also performing the postoperative POP-Q examination, which is another potential source of bias. Unfortunately, prolapse symptoms were not routinely assessed using validated questionnaires postoperatively; therefore we were unable to include reliable data regarding subjective measures of cure. Finally, our estimation of Btime corrected for other procedures[ were based on historical averages, not actual times from each individual surgery. Although it is possible that these estimations were inaccurate for each individual subject, we applied the same time estimations when correcting time for both procedures thereby limiting bias as much as possible.
The strengths of this study include its contemporaneous comparison of 2 types of minimally invasive sacrocolpopexy during an overlapping time period in a single region where costs could be adequately compared. In prior studies comparing 2 separate techniques, one technique was usually exclusively conducted at one time, followed by a transition to another technique with a brief period of overlap. In our cohort study, both procedures were being performed simultaneously and as equal procedures with fellows and residents participating at both institutions.
Decreased hospital convalescence, recovery times and estimated blood loss, and comparable surgical outcomes have given minimally invasive surgery a definite place in the field of urogynecology. Robotic assistance to laparoscopy improves dexterity, visualization, and ergonomics, however we found that it may increase operating time resulting in increased operating room costs. Improved speed and efficiency for RALSC may neutralize the costs for minimally invasive sacrocolpopexy. Additionally, we hope that these data provide preliminary estimates for the design and implementation of prospective studies evaluating the cost-effectiveness of minimally invasive surgery for prolapse repair.
